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Patients with chronic hepatitis B (HBV) infection or prior exposure are at risk for HBV reactivation if they receive immunosuppressive therapy, such as anti‐cluster of differentiation (CD)20 antibody (Ab) treatment.^(^ [1](#hep41238-bib-0001){ref-type="ref"}, [2](#hep41238-bib-0002){ref-type="ref"} ^)^ Anti‐CD20 Abs, commercially available as rituximab, obinutuzumab, and ofatumumab, are a key component of treatment regimens for selected hematologic and rheumatologic conditions. In patients receiving anti‐CD20 Ab treatment, HBV reactivation can result in hepatitis (33%‐100%), liver failure (10%‐13%), and death (3%‐5%).^(^ [1](#hep41238-bib-0001){ref-type="ref"}, [2](#hep41238-bib-0002){ref-type="ref"} ^)^ Between 17% and 55% of individuals with past or chronic HBV infection may experience reactivation unless they receive antiviral prophylaxis.^(^ [1](#hep41238-bib-0001){ref-type="ref"} ^)^ HBV reactivation is also associated with chemotherapy disruption and increased cancer mortality.^(^ [1](#hep41238-bib-0001){ref-type="ref"}, [3](#hep41238-bib-0003){ref-type="ref"} ^)^

HBV antiviral prophylaxis prevents reactivation in up to 98% of at‐risk patients receiving anti‐CD20 Ab therapy.^(^ [1](#hep41238-bib-0001){ref-type="ref"} ^)^ To identify and treat patients at risk for reactivation, HBV serologies must be obtained before starting anti‐CD20 Ab therapy. In July 2015, the American Society of Clinical Oncology (ASCO) provided a Provisional Clinical Opinion Update^(^ [4](#hep41238-bib-0004){ref-type="ref"} ^)^ on HBV screening and antiviral prophylaxis, reporting earlier HBV testing rates of nearly 70% prior to initiating anti‐CD20 Ab treatment among quality practices.^(^ [4](#hep41238-bib-0004){ref-type="ref"} ^)^ In this Update, ASCO recommends screening for hepatitis B surface antigen (HBsAg) and hepatitis B core antibody (HBcAb), followed by either initiation of HBV antiviral prophylaxis (in HBsAg‐positive patients) or (in those positive for HBcAb alone) either HBV antiviral prophylaxis or monthly measurement of HBV DNA and alanine aminotransferase.^(^ [4](#hep41238-bib-0004){ref-type="ref"} ^)^ The reconstituted HBV‐specific host‐immune response may injure these HBV‐laden liver cells up to 12 months after treatment; hence, HBV antiviral prophylaxis must be continued for 12 months posttreatment.^(^ [1](#hep41238-bib-0001){ref-type="ref"} ^)^

Among patients in the Veterans Health Administration (VHA) initiating anti‐CD20 Ab treatment, approximately 11% have evidence of chronic or prior hepatitis B infection, putting them at risk for reactivation.^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ Most patients are unaware of their HBV status, and even those with chronic HBV frequently do not receive antiviral treatment.^(^ [6](#hep41238-bib-0006){ref-type="ref"} ^)^ In an earlier analysis of all VHA patients initiating anti‐CD20 Ab treatment at a total of 112 facilities, 61%‐73% had pretreatment HBV testing (with 43% tested within 6 months of initiation) in 2014.^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ A median of 17% meeting criteria for HBV antiviral treatment received prophylaxis (2012‐2014).^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ Non‐VHA hospitals have reported rates of HBV testing of up to 61%‐90%,^(^ [7](#hep41238-bib-0007){ref-type="ref"}, [8](#hep41238-bib-0008){ref-type="ref"}, [9](#hep41238-bib-0009){ref-type="ref"} ^)^ yet generally low (17%‐45%) rates of appropriate HBV antiviral prophylaxis^(^ [7](#hep41238-bib-0007){ref-type="ref"}, [9](#hep41238-bib-0009){ref-type="ref"}, [10](#hep41238-bib-0010){ref-type="ref"} ^)^ despite the use of a computer‐assisted reminder system. This may relate to the generally limited use of HBV antiviral treatment among oncologists requiring a change in prescribing practice. However, in two hospital systems, HBV antiviral prophylaxis rates varied from 46% to 92% in at‐risk patients receiving rituximab or cancer chemotherapy.^(^ [7](#hep41238-bib-0007){ref-type="ref"}, [8](#hep41238-bib-0008){ref-type="ref"} ^)^

Preventing HBV reactivation is both cost effective and critical to patient safety, averting death in 1 in 1,000 patients screened.^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ While evidence‐based guidelines are increasingly available to guide clinical practice, implementation science offers limited recommendations on how to successfully integrate these guidelines into practice.^(^ [11](#hep41238-bib-0011){ref-type="ref"}, [12](#hep41238-bib-0012){ref-type="ref"}, [13](#hep41238-bib-0013){ref-type="ref"}, [14](#hep41238-bib-0014){ref-type="ref"}, [15](#hep41238-bib-0015){ref-type="ref"} ^)^ A VHA cross‐sectional study was completed to study the effect of audit and feedback in six facilities implementing clinical guidelines^(^ [13](#hep41238-bib-0013){ref-type="ref"} ^)^; the greatest success in guideline adherence was seen at sites receiving timely, personalized, and nonpunitive provider feedback. However, in a Cochrane review, audit and feedback resulted in only a median 4% absolute improvement across 140 studies.^(^ [16](#hep41238-bib-0016){ref-type="ref"} ^)^

To change clinical practice, the National Institute for Health and Care Excellence has reported evidence supporting the value of talking to key individuals, assessing barriers to change, combining education with other methods, and using interactive workshops, patient‐friendly education, and reminders at the point of decision making.^(^ [15](#hep41238-bib-0015){ref-type="ref"} ^)^ Endorsement of an initiative by opinion leaders and respected peers is also an effective impetus for clinical practice change.^(^ [15](#hep41238-bib-0015){ref-type="ref"} ^)^ Among these interventions, meta‐analyses assessing ways to optimally influence physician behavior suggest that education alone is of limited value but computerized recommendations and follow‐up treatment algorithms can be 68%‐100% effective.^(^ [14](#hep41238-bib-0014){ref-type="ref"} ^)^ In a single Spanish hospital (2012‐2013), the use of a computerized physician‐ordering system increased HBsAg testing from \<50% to 94%, increased HBcAb testing from 29% to 85%, and completely prevented HBV reactivation events.^(^ [11](#hep41238-bib-0011){ref-type="ref"} ^)^

We sought to increase HBV testing and antiviral prophylaxis with anti‐CD20 Ab treatment initiation in the VHA. Our goal was to maximize rates of HBV testing and appropriate HBV antiviral prophylaxis with anti‐CD20 Ab treatment. We hypothesized that professional development and informational campaigns, expansion of HBV antiviral prescribing authority to all providers, and patient education would increase the overall testing/treatment rates by 10%‐20%. We predicted that an electronic medical record (EMR) order check and Medication Use Evaluation Tracker (MUET) for tracking HBV testing and antiviral treatment omissions would increase rates to 70% or greater.^(^ [14](#hep41238-bib-0014){ref-type="ref"} ^)^

Materials and Methods {#hep41238-sec-0002}
=====================

Study Design and Data Source {#hep41238-sec-0003}
----------------------------

We performed a retrospective cohort study (January 2015 to November 2016) of all patients initiating anti‐CD20 Ab treatment (rituximab, ofatumumab, or obinutuzumab), using described methods.^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ All analyses were performed using the VHA EMR data repository: the Corporate Data Warehouse. Starting in September 2016, we used a voluntary anti‐CD20 Ab MUET to identify patients at risk for HBV reactivation. MUET is a risk‐reduction tool that uses medication and laboratory data to identify at‐risk patients receiving specific medications that pose potential safety risks.^(^ [17](#hep41238-bib-0017){ref-type="ref"} ^)^ The MUET provided national monthly data on our two primary analyses: 1) HBV testing within 12 months of starting anti‐CD20 Ab treatment and 2) HBV antiviral medication in patients with chronic or prior HBV, within 1 month of starting anti‐CD20 Ab treatment.

Using 2015 national VHA data, we determined a mean pretreatment HBV testing rate of 63% overall of anti‐CD20 Ab treatment initiation and mean HBV antiviral treatment rates of 44% in at‐risk patients (either positive HBsAg or HBcAb pretreatment).^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^

Patient Population {#hep41238-sec-0004}
------------------

The VHA provides care across 170 Department of Veterans Affairs (VA) medical centers (VAMCs) to more than 9 million veterans annually^(^ [18](#hep41238-bib-0018){ref-type="ref"} ^)^; 112 of these medical centers provide anti‐CD20 Ab therapy. For decades, the VHA has used a national EMR, which also allows for site variation in computerized recommendations/treatment algorithms, pharmacy prescribing software, and laboratory terminology.

*Anti‐CD20* *Ab MUET* {#hep41238-sec-0005}
---------------------

The VA Center for Medication Safety developed the anti‐CD20 Ab MUET. Baseline data for the MUET were derived from all identified patients receiving anti‐CD20 Ab treatment from May to August 2016. The MUET was launched in September 2016 using all monthly MUET data extractions of patients initiating anti‐CD20 Ab therapy between September 2016 and September 2017.

Patients receiving anti‐CD20 Ab therapy were considered at risk for HBV reactivation if either their HBV status had not been recently confirmed or they were HBV positive and not receiving prophylaxis. For the MUET, "recent" confirmation was defined relative to anti‐CD20 Ab treatment initiation as: 1a) within 12 months prior, for patients with no earlier testing; 1b) within 6 months prior, for patients testing negative between 1 and 5 years prior; 1c) ever, for patients testing positive during the prior 5 years. We required HBV testing within 12 months of initiating anti‐CD20 Ab treatment in order to identify patients with prior or newly acquired HBV. For the MUET, "prophylaxis" was defined as HBV antiviral treatment between the time of positive HBV test determination and 1 month after anti‐CD20 Ab treatment initiation.

Lists of at‐risk patients were accessible to providers through a secure website, but MUET participation was voluntary. At participating VAMCs, HBV testing and antiviral treatment interventions were documented for each at‐risk patient.^(^ [17](#hep41238-bib-0017){ref-type="ref"} ^)^

The MUET data provided the percentage of patients treated with anti‐CD20 who had recent HBV testing. In this analysis, the HBV‐positive population was estimated by multiplying the number of patients treated with anti‐CD20 Ab by 11% (the prevalence of patients exhibiting HBsAg and/or HBcAb according to prior VHA reports).^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ To align with our earlier national VHA analyses, the MUET was limited to patients newly initiating anti‐CD20 Ab therapy from October 2016 onward.

***EMR Anti‐CD20Ab*** ***Order Check*** {#hep41238-sec-0006}
---------------------------------------

We created a voluntary anti‐CD20 Ab treatment EMR order check to assess pretreatment HBV testing and antiviral prophylaxis. When anti‐CD20 antibody is ordered, the electronic medical record searches for HBsAg and HBcAb testing and generates an order check only if no serology is done or the serology is positive for HBsAg or HBcAb. If HBV serology is absent, the provider is reminded to obtain HBsAg and HBcAb. If HBsAg or HBcAb is positive and the patient is not receiving HBV antiviral treatment, the provider is prompted to initiate HBV antiviral prophylaxis throughout the anti‐CD20 antibody treatment and 12 month follow‐up, record the patient's HBV antiviral treatment outside the VA, obtain an infectious disease (ID) or gastrointestinal (GI) consult for treatment and follow‐up, or record the patient's declining HBV antiviral treatment.

This order check was piloted at three sites with slight modifications (e.g., assuring order check capture of both local and VHA reference laboratory tests). When tested over a 3‐month period, the order check accurately determined patients with or without prior HBV testing and antiviral prophylaxis and provided required reminders. On expanding the voluntary anti‐CD20 Ab treatment EMR order check to the many additional sites requesting its use, select sites performed detailed order check testing and cross‐checking with the MUET, affirming the order check was operating correctly. Although the number of sites instituting the voluntary anti‐CD20 Ab treatment EMR order check increased monthly, we analyzed pretreatment HBV testing and antiviral prophylaxis rates only in the 11 sites with 6 or more months of data to examine the order check's effectiveness.

Institutional Review Board Review {#hep41238-sec-0007}
---------------------------------

This prospective interventional analysis was waived by the Durham VAMC Institutional Review Board as it was completed for VHA quality improvement rather than research. Because the analysis solely used de‐identified patient information, informed consent was not required.

Statistical Analysis {#hep41238-sec-0008}
--------------------

To assess the effect of our interventions, we evaluated significant changes over time using run charts.^(^ [19](#hep41238-bib-0019){ref-type="ref"} ^)^ In comparison to pre‐intervention baseline rates, changes over time were plotted graphically for the following two national monthly measures: rates of timely pretreatment HBV testing and rates of HBV antiviral prophylaxis in HBV‐positive patients (with chronic or prior HBV infection).

We interpreted run charts through inspection for multiple probability‐based patterns that indicated a significant change from the plotted pre‐intervention mean rates, defined by the following characteristics: shift, trend, and runs.^(^ [19](#hep41238-bib-0019){ref-type="ref"} ^)^ Shift is defined by "six or more consecutive points either all above or all below" the pre‐intervention mean rates. Trend is seen by "five or more consecutive points" that are in a consistent ascension or descent. For trending, neighboring equivalent values only contribute a single point to the count. A run is defined as "a series of points in a row on one side" of the mean. Runs are evaluated by determining how many times a line through the points would cross the mean pre‐intervention rates and are compared to a set of expected values.

Results {#hep41238-sec-0009}
=======

Baseline Data {#hep41238-sec-0010}
-------------

Our earlier analysis of the VHA Corporate Data Warehouse provided 2014 data on hepatitis B testing and antiviral prophylaxis.^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ Examining this database in 2015, 2,655 identified VHA patients initiated anti‐CD20 antibody treatment. Pretreatment HBsAg testing was performed in 78% and HBcAb testing in 63% (Fig. [1](#hep41238-fig-0001){ref-type="fig"}). Among them, 318 patients had chronic or prior HBV requiring HBV antiviral prophylaxis. A total of 141 (44%) patients received HBV antiviral prophylaxis. During January through November 2016, a total of 2,238 patients initiated anti‐CD20 antibody treatment, with 78% and 64% HBsAg and HBcAb testing rates, respectively.

![Increases in VHA national hepatitis B testing and antiviral prophylaxis rates with initiation of anti‐CD20 antibody treatment are profiled in the chevron figure over time (2014‐2017). Derived from the VHA Corporate Data Warehouse, the 2014 data is from an earlier analysis (5) while the 2015‐2016 data were analyzed within this study. Data from September 2016 to September 2017 were derived from the national anti‐CD20 antibody Medication Use Evaluation Tracker. Key interventions are outlined above the figure.](HEP4-2-1136-g001){#hep41238-fig-0001}

Hepatitis B Prevention Team {#hep41238-sec-0011}
---------------------------

Despite a broad VHA educational campaign, continued low rates of HBV antiviral prophylaxis were observed among at‐risk patients initiating anti‐CD20 Ab treatment.^(^ [1](#hep41238-bib-0001){ref-type="ref"}, [20](#hep41238-bib-0020){ref-type="ref"} ^)^ We assembled a national team to prevent HBV reactivation. The team was comprised of oncologists, oncology and viral hepatitis pharmacists, primary care, infectious disease and rheumatology physicians, public health and quality experts, drug safety and medical informatics experts, and hepatologists. All clinicians in the group were involved in anti‐CD20 Ab treatment or HBV reactivation.

We started by identifying potential barriers to HBV testing and treatment in each clinical area as well as professional development needs to increase awareness of HBV reactivation among providers and patients (Table [1](#hep41238-tbl-0001){ref-type="table"}). One barrier was that only GI or ID physicians and not oncologists or rheumatologists were allowed to prescribe HBV antiviral prophylaxis on the VHA formulary. Our pharmacist team members worked with the VHA formulary committee to enable HBV antiviral prescribing by all licensed providers. National pharmacy criteria for use of anti‐CD20 Ab treatment were amended to include the need for HBV testing and appropriate HBV antiviral prophylaxis.

###### 

**VHA** **Systems to Prevent HBV** **Reactivation With** **Anti‐CD20** **Ab Initiation**

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Date    Activity                                                                                               Professional Development   Address Barriers   Patient Information   Clinical Audit   Opinion Leader   EMR order check
  ------- ------------------------------------------------------------------------------------------------------ -------------------------- ------------------ --------------------- ---------------- ---------------- -----------------
  11/15   Multisite hepatology SCAN seminar                                                                      X                                                                                                     

  11/15   National public health seminar                                                                         X                                                                                                     

  3/16    GI consult template created for HBV reactivation treatment algorithms                                                             X                                                                          

  5/16    HBV antiviral prescribing open to all                                                                                             X                                                                          

  6/16    Anti‐CD20 Ab criteria for use include HBV testing & HBV antiviral treatment                            X                                                                                                     

  6/16    National oncology seminar                                                                              X                                                                                                     

  7/16    Oncology HBV reactivation website launches with information, references                                X                                                                                                     

  7/16    Patient education slides & pamphlet posted to VHA external website                                                                                   X                                                       

  8/16    National pharmacy newsletter                                                                           X                                                                                                     

  8/16    Pharmacist survey on anti‐CD20 Ab ordering process                                                                                X                                                                          

  9/16    Medication Use Evaluation Tracker\                                                                                                                                         X                                 
          launched                                                                                                                                                                                                     

  9/16    Association of VA hematology/oncology newsletter                                                       X                                                                                                     

  10/16   National Oncology Director emails all oncologists to test and treat HBV with anti‐CD20 Ab initiation                                                                                        X                

  11/16   Anti‐CD20 Ab EMR order check pilot tested in CPRS                                                                                                                                                            X

  11/16   Provider workroom posters/flyers on HBV reactivation on Sharepoint                                     X                                                                                                     

  3/17    Oncology pharmacists invited to use anti‐CD20 Ab EMR order check                                                                  X                                                                          X

  4/17    15 sites incorporate anti‐CD20 Ab EMR order check                                                                                                                                                            X

  6/17    HBV antiviral patient medication information developed for website                                                                                   X                                                       

  9/17    Association of VA hematology/oncology poster to increase order check use                               X                                                                                                     

  11/17   American Public Health Association poster to discuss possible improvements                             X                                                                                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: CPRS, computerized patient record system; SCAN, specialty care access network.

John Wiley & Sons, Ltd

Although the VHA uses a national EMR, the process in which a provider orders infusion biologics can vary by site. We surveyed oncology pharmacists nationally by e‐mail. We found that most used the VHA Computerized Patient Record System, while 32 sites employed a proprietary ordering system, VistA Chemotherapy Manager, which has not yet enabled use of the requested anti‐CD20 Ab treatment EMR order check.

We found that both GI and ID providers were frequently consulted for HBV management when at‐risk patients were identified prior to anti‐CD20 Ab therapy. In response, we developed a GI consult template with HBV testing and antiviral prophylaxis algorithms (Supporting Material S1) that was shared with the national VHA GI Field Advisory Committee. As GI and ID subspecialists may not be on site at some facilities, we sought to create a system to enable HBV antiviral prescribing by any provider.

In addition to identifying barriers, we launched a broad informational campaign, with interactive national seminars and webinars for GI/hepatology, public health/ID, and oncology providers (Table [1](#hep41238-tbl-0001){ref-type="table"}). We highlighted information on HBV reactivation in our VHA pharmacy newsletter (Supporting Material S2).

In parallel with professional development activities, we developed brief patient educational information (at a fifth‐grade reading level) on HBV infection, reactivation, and preventive treatment as slides posted to the public VHA patient website^(^ [21](#hep41238-bib-0021){ref-type="ref"} ^)^ as well as a pamphlet (Supporting Material S3). Using a one‐page format selected by patients,^(^ [22](#hep41238-bib-0022){ref-type="ref"} ^)^ we created HBV antiviral patient medication information at a sixth‐grade reading level (Supporting Material S4). For easy provider access, we created a VHA Oncology SharePoint for HBV reactivation and posted frequently asked questions on HBV reactivation (Supporting Material S5), provider and patient educational material, our published VHA national analysis of HBV testing and treatment with anti‐CD20 Ab, and ASCO and American Gastroenterological Association clinical guidance documents.

As these efforts progressed in 2016 (Table [1](#hep41238-tbl-0001){ref-type="table"}), we sought to determine how these activities affected rates of HBV testing and antiviral prophylaxis with anti‐CD20 Ab therapy. The VA Center for Medication Safety developed an anti‐CD20 Ab MUET to identify omissions of HBV testing and antiviral prophylaxis.

*Anti‐CD20* *Ab MUET* {#hep41238-sec-0012}
---------------------

The anti‐CD20 Ab MUET tracked HBV testing and antiviral prophylaxis omissions monthly across the VHA nationally (Fig. [2](#hep41238-fig-0002){ref-type="fig"}A) and provided feedback to the majority of sites that volunteered to participate.^(^ [17](#hep41238-bib-0017){ref-type="ref"} ^)^ We observed that 40%‐50% of all identified patients receiving anti‐CD20 Ab treatment in June to August 2016 did not have pretreatment HBV testing completed. Among patients with chronic or prior HBV requiring HBV antiviral prophylaxis, up to 40% of patients did not receive antiviral prophylaxis within 1 month of initiating anti‐CD20 Ab therapy. At the MUET's national launch in September 2016, we highlighted its availability for use with informational updates in a national VHA hematology/oncology newsletter (Supporting Material S6). In October 2016, the national VHA oncology director sent a brief informative e‐mail encouraging all providers to test and treat HBV prior to initiating anti‐CD20 Ab therapy (Supporting Material S7). Immediately following these efforts, we observed the highest rates of HBV testing (\>90%) and HBV antiviral prophylaxis (\>80%) seen to date (Fig. [1](#hep41238-fig-0001){ref-type="fig"}). Even at the lowest performing sites, most patients received pretreatment HBV testing and HBV antiviral prophylaxis.

![(A) Omissions in VHA national hepatitis B testing and antiviral prophylaxis are plotted in all identified patients initiating anti‐CD20 antibody treatment in a medication use evaluation tracker. The medication use evaluation tracker obtained baseline data in June to August 2016, and provided a voluntary audit notification to sites of HBV testing or antiviral prophylaxis omissions to sites from September 2016 onward. (B) Eleven urban VA medical centers installed the voluntary VHA anti‐CD20 antibody order check at their center from April to September 2017. The electronic medical record searches for HBsAg and HBcAb testing and generates an order check only if 1) no serology is done or 2) the serology is positive HBsAg or positive HBcAb. The order check provides explicit suggestions for HBV serology testing. The electronic medical record then searches for HBsAg and HBcAb testing and generates an order check only if positive HBsAg or positive HBcAb, providing suggested HBV antiviral prophylaxis dosing and treatment duration.](HEP4-2-1136-g002){#hep41238-fig-0002}

*EMR Anti‐CD20* *Ab Order Check* {#hep41238-sec-0013}
--------------------------------

After piloting and testing our voluntary anti‐CD20 Ab treatment EMR order check (Fig. [3](#hep41238-fig-0003){ref-type="fig"}), we partnered with national oncology pharmacists to identify sites volunteering for its use. In March 2017, we installed the order check at all interested sites to augment pretreatment HBV testing and reactivation prophylaxis, providing an explicit reminder only when deficiencies were detected. We then analyzed the order check effectiveness at 11 urban medical centers using it for 6 months or more and found significantly improved HBV testing and prophylaxis rates compared to the national rates of pretreatment HBV testing, which exceeded 90% and showed HBV antiviral prophylaxis increasing up to 85% (Fig. [2](#hep41238-fig-0002){ref-type="fig"}A,B). With use of the voluntary EMR order check, these sites markedly improved from 70%‐79% pretreatment HBV testing rates and 10%‐30% antiviral prophylaxis rates (June to August 2016) to 93%‐98% pretreatment HBV testing rates and 99% HBV antiviral prophylaxis rates (April to September 2017). Based on favorable site feedback, the numbers of sites incorporating the voluntary EMR order check was continuing to increase monthly. However, fewer than 20% of sites nationally had employed this tool by September 2017 (and nearly 30% of sites with VCM ordering systems are currently precluded from using the order check).

![The VHA electronic medical record algorithm for the voluntary anti‐CD20 antibody order check is depicted. When anti‐CD20 antibody is ordered, the electronic medical record searches for HBsAg and HBcAb testing and generates an order check ***only if***1) no serology is done or 2) the serology is positive HBsAg or positive HBcAb. If HBV serology is absent, the provider is reminded to obtain HBsAg and HBcAb. If HBsAg or HBcAb is positive, and the patient is not receiving HBV antiviral treatment, the provider is prompted to initiate HBV antiviral prophylaxis throughout anti‐CD20 antibody treatment and 12 month follow‐up, record the patient's HBV antiviral treatment outside the VA, obtain an Infectious Disease (ID) or Gastroenterology (GI) consult for treatment and follow‐up, or record the patient's declining HBV antiviral treatment.](HEP4-2-1136-g003){#hep41238-fig-0003}

Run Chart Analysis {#hep41238-sec-0014}
------------------

We examined the effects of our VHA quality improvement interventions using a run chart (Fig. [2](#hep41238-fig-0002){ref-type="fig"}A,B), which depicts omissions of HBV testing or HBV antiviral prophylaxis with anti‐CD20 Ab treatment compared to pre‐intervention baseline rates. The baseline rates of 64%‐78% HBV testing (64% for HBcAb and 78% for HBsAg) are conservatively portrayed as 36% of patients missing or not receiving HBV testing, while the baseline rates of 44% HBV antiviral prophylaxis with anti‐CD20 Ab treatment initiation appear as 56% of patients missing or not receiving HBV antiviral prophylaxis. After obtaining baseline MUET data for June through August 2016 on all identified patients receiving anti‐CD20 Ab therapy, the run chart revealed general improvements (or fewer omissions over time) as sequential interventions occurred. Enabling HBV antiviral prescribing by all providers, increasing awareness of HBV reactivation through professional development, and institution of the anti‐CD20Ab MUET yielded significantly improved national rates of both HBV testing and HBV antiviral prophylaxis from September 2016 to September 2017. The use of the voluntary EMR order check further improved these rates.

Discussion {#hep41238-sec-0015}
==========

To enhance prevention of HBV reactivation with anti‐CD20 Ab treatment in the VHA, we launched a national quality improvement effort comprised of six interrelated interventions that was associated with higher than 90% national HBV testing and 80% antiviral prophylaxis rates in identified anti‐CD20 Ab recipients. To effect this change, we assembled a multidisciplinary team of providers, published and widely shared VHA results demonstrating the need to increase HBV testing and treatment, expanded HBV antiviral prescribing authority to all VHA providers, provided interactive and online information to providers and patients, and emphasized the importance of HBV testing and antiviral prophylaxis through a national communication by the VHA Director of Oncology. To assess progress, we developed a voluntary anti‐CD20 Ab MUET to alert pharmacists and other providers to omissions in HBV testing and antiviral prophylaxis. In parallel, we created and tested an anti‐CD20 Ab treatment EMR order check to automatically assess pretreatment HBV testing and antiviral prophylaxis and to prompt providers when deficiencies were detected. Through the voluntary use of the anti‐CD20 Ab MUET and EMR order check, we observed high and stable national rates of HBV testing and HBV antiviral prophylaxis. The minority of VHA medical centers using the voluntary EMR order check exhibited the highest rates of HBV testing (93%‐98%) and antiviral prophylaxis (99%) among identified patients starting anti‐CD20 Ab treatment.

We believe this to be the first successful national effort in HBV reactivation prevention in a large integrated health system. We deliberately used evidence‐supported methods,^(^ [15](#hep41238-bib-0015){ref-type="ref"} ^)^ including broad discussions to understand beliefs and obstacles, enhancement of disease awareness, addressing barriers, surveying key providers, developing patient and provider educational materials, engaging opinion leaders, creating automated EMR order checks, and compiling monthly metrics to assess transient and sustained change. Although the literature in implementation science generally finds modest effects from education or audit and feedback alone, we found notable effects when combined with expanded prescribing authority for HBV antiviral prophylaxis. These improvements further increased with opinion leader input and were sustained with initiation of an EMR order check. As we rapidly instituted system changes (initiating some measures simultaneously), it is difficult to ascertain the relative effectiveness of each measure. Nevertheless, the following interventions yielded significant and sustained improvements: expanding prescribing authority for HBV antiviral prophylaxis to all providers, initiating the national anti‐CD20 Ab MUET audit, and National Oncology Director input. Sites employing the order check even further improved and sustained high rates of HBV testing and antiviral prophylaxis. Our comprehensive and wholly voluntary VHA system has yielded high rates of HBV testing and antiviral prophylaxis, sustained over 12 months. Our VHA interventional systems approach yielded notably higher rates of HBV testing and antiviral prophylaxis than was seen in a recent observational study of a northern California university hospital system (61% HBV testing and 66% HBV antiviral prophylaxis among 926 patients initiating rituximab).^(^ [8](#hep41238-bib-0008){ref-type="ref"} ^)^ This suggests the value of a systems approach to quality improvement.

Our initiative also compares favorably with single‐site studies^(^ [7](#hep41238-bib-0007){ref-type="ref"}, [8](#hep41238-bib-0008){ref-type="ref"}, [11](#hep41238-bib-0011){ref-type="ref"} ^)^ reporting 90% or higher rates of HBV antiviral prophylaxis and/or HBV reactivation prevention, generally with use of a computerized physician‐ordering system.^(^ [7](#hep41238-bib-0007){ref-type="ref"}, [11](#hep41238-bib-0011){ref-type="ref"} ^)^ Our slightly lower national HBV antiviral prophylaxis rates may be related to the voluntary use of the anti‐CD20 Ab treatment EMR order check and MUET. Further VHA improvements in HBV testing and antiviral prophylaxis may be possible with additional interventions (e.g., broader or mandatory use of the EMR order check and MUET).

The strengths of our project include its national scope, the availability of national pharmacy data, our ability to intervene to address barriers, the relatively high rate of HBV testing at baseline (potentially suggesting providers' guideline awareness), the concentration of relevant providers in a single subspecialty (hematology/oncology), the nationally representative adoption of our suggested tools (order check and MUET), and the collaborative VHA infrastructure that enabled us to easily share information with providers and patients. The low baseline HBV antiviral treatment prescribing rates may have been related to the limited use or familiarity with these antivirals among oncologists. When the MUET audits were first launched, we noted variable HBV testing and antiviral treatment across some sites. Sharing HBV antiviral prescribing information while enabling prescribing access by all providers was associated with increased treatment rates. Despite low baseline HBV antiviral treatment rates, most VHA patients now receive pretreatment HBV testing and HBV antiviral prophylaxis, even in sites with the lowest rates. For example, the 11 sites using the voluntary order check had lower average baseline pretreatment HBV testing and antiviral prophylaxis rates than the national average, yet exceeded the high national rates with order check use.

This analysis is limited by use of observational data, which do not prove causality. Earlier demonstrated to enhance laboratory testing and safe VHA medication use,^(^ [17](#hep41238-bib-0017){ref-type="ref"} ^)^ the MUET currently identifies omissions of HBV testing and antiviral prophylaxis among all those identified as initiating anti‐CD20 Ab therapy and provides voluntary feedback to sites. As pretreatment HBV testing remains incomplete, our analyses required use of an estimation of 11% of patients with chronic or prior HBV (as observed in an earlier national VHA analysis^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^) to determine rates of HBV antiviral prophylaxis; the true numbers may differ slightly. The disparate subspecialty treatment recommendations for HBV reactivation with anti‐CD20 Ab treatment^(^ [4](#hep41238-bib-0004){ref-type="ref"}, [20](#hep41238-bib-0020){ref-type="ref"} ^)^ made it more challenging to align with guidelines across disciplines.

Lessons learned from this quality improvement initiative can be directly applied to other areas within and outside the VHA. Although we targeted anti‐CD20 Ab therapy, HBV antiviral prophylaxis is recommended for patients receiving other high‐ and moderate‐risk immunosuppressive therapies, such as doxorubicin, epirubicin, and prolonged corticosteroids.^(^ [20](#hep41238-bib-0020){ref-type="ref"} ^)^ A parallel VHA initiative is underway to encourage appropriate HBV antiviral prophylaxis in patients receiving direct‐acting antivirals for hepatitis C treatment. Additionally, most VHA patients with chronic HBV with alanine aminotransferase or HBV DNA elevations are not yet receiving treatment.^(^ [6](#hep41238-bib-0006){ref-type="ref"} ^)^ Aligning with evidence‐based treatment guidelines,^(^ [23](#hep41238-bib-0023){ref-type="ref"} ^)^ a similar VHA change initiative could help increase treatment rates. At the VHA's incidence of hepatitis B infection,^(^ [5](#hep41238-bib-0005){ref-type="ref"} ^)^ it is cost effective to obtain pretreatment HBV screening and appropriately initiate HBV antiviral prophylaxis in those positive for HBsAg or HBcAb during anti‐CD20 Ab treatment and 12‐month follow‐up.

In conclusion, our multidisciplinary team increased awareness of HBV reactivation with anti‐CD20 Ab therapy through a broad informational campaign for providers and patients, removed restrictions from the VHA formulary to enable HBV antiviral prescribing by all providers, used an anti‐CD20 Ab MUET to identify HBV testing or treatment omissions, and employed a highly effective anti‐CD20 Ab treatment EMR order check. Although entirely voluntary, these national collaborative efforts increased baseline rates of HBV testing from 61% to \>90% and appropriate HBV antiviral prophylaxis from 17% to \>80%. These clinically important improvements are anticipated to decrease hepatitis, chemotherapy disruption, and mortality due to HBV reactivation in the VHA.
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